Soluble factors produced by human marrow stroma or the murine marrow derived M2-10B4 cell line support ex vivo maintenance for 5-8 weeks of 50% of human long-term culture initiating cells (LTC-IC). As the AFT024 cell line supports LTC-IC cultured in contact conditions better than M2-10B4 feeders, we evaluated LTC-IC support in non-contact conditions above AFT024 feeders. We show that only 15% of LTC-IC were maintained for 5 weeks in AFT024 non-contact cultures (n = 6, P Ͻ 0.05). As AFT024-conditioned media added to M2-10B4 non-contact cultures did not inhibit LTC-IC maintenance, AFT024 cells do not secrete factors that inhibit LTC-IC growth. We next characterized heparan sulfate glycosaminoglycans (HS-GAGs) and cytokines produced by AFT024 cells, which are both required for LTC-IC maintenance in M2-10B4 non-contact cultures. The size and extent of O-sulfation of HS-GAGs in AFT024 and M2-10B4 conditioned medium were similar, indicating that absence of hematopoietic specific HS-GAGs is not responsible for the lack of hematopoietic in AFT024 non-contact cultures. Levels of 13 different cytokines secreted in AFT024-and M2-10B4-conditioned medium were similar. However, addition of human SCF, G-CSF, GM-CSF, LIF, MIP-1␣ and IL-6 in concentrations found in human marrow stroma-conditioned medium to AFT024 non-contact cultures increased LTC-IC-maintenance to 72% at 5 weeks. These cytokines improved LTC-IC maintenance in part through interaction with the progenitors and in part, through interaction with the AFT024 feeder. Thus, although LTC-IC maintenance is poor in AFT024 non-contact cultures, addition of human cytokines enhances LTC-IC maintenance in part through indirect effects on the AFT024 feeder. Characterization of known or novel growth factors secreted by AFT024 cells before and after cytokine stimulation may lead to the identification of cytokines that support growth of human hematopoietic stem cells.
Introduction
Under steady-state conditions hematopoiesis occurs in close contact with the bone marrow microenvironment. Proliferation and differentiation of hematopoietic stem cells (HSC) is regulated by soluble factors, as well as adhesive interactions between progenitors and the stroma. The hematopoietic process can be mimicked in vitro, by culturing progenitors on confluent layers of supportive stromal cells. A number of murine and human hematopoietic stromal cell lines have been described which support primitive human hematopoietic progenitors. [1] [2] [3] [4] [5] We and others have shown that primitive LTC-IC and primitive lymphoid progenitors can be maintained in stroma-based cultures even without contact with the stromal feeders. [6] [7] [8] [9] [10] [11] Up to 50% of LTC-IC are maintained without exogenous cytokines in transwells above primary human bone marrow stroma or the murine fibroblast line M2-10B4, for 8 weeks. 3 Addition of IL-3 and MIP-1␣ increases this to 100%. 7 Likewise, primitive lymphoid progenitors are maintained in M2-10B4 non-contact cultures supplemented with MIP-1␣ and IL-3. 8 Although other cell lines, such as NIH3T3 and FHS-173-We, support LTC-IC in contact cultures equally well as M2-10B4 feeders, these two feeders poorly support LTC-IC in non-contact conditions. 3 We and others have shown that the murine fetal liver cell line, AFT024, supports human LTC-IC as well as lymphoid progenitors when cultured in contact with the feeder and this to a greater extent than primary stroma or M2-10B4. [12] [13] [14] The cell line also supports ex vivo maintenance of murine long-term competitive repopulating HSC for more than 7 weeks. 15 We now examine if AFT024 non-contact cultures would also support human LTC-IC.
We show that in contrast to M2-10B4-based cultures AFT024 non-contact cultures poorly support LTC-IC. This is not due to inhibitory factor(s) secreted by AFT024 feeders or lack of known cytokines or GAGs. Addition of human cytokines in concentrations found in marrow stroma-conditioned medium to AFT024 non-contact cultures significantly enhanced LTC-IC support, both through direct effects on hematopoietic progenitors and indirect effects on the AFT024 feeder.
Materials and methods

Cell sources
Bone marrow was aspirated from the posterior iliac crest from healthy volunteer donors after informed consent using guidelines approved by the Committee on the Use of Human Subjects at the University of Minnesota.
Cell preparation and cell sorting
Mononuclear cells were obtained by Ficoll-Hypaque (Sigma Diagnostics, St Louis, MO, USA) centrifugation. CD34 + cells were enriched using CEPRATE columns (CellPro, Bothell, WA, USA). CD34
+ enriched cells were labeled with anti-CD34-PE (HPCA2, Becton-Dickinson Immunocytometry Systems (BDIS, San Jose, CA, USA) and anti-HLA-DR-FITC antibodies (BDIS). Cells were sorted on a FACS Star-Plus flow cytometry system (BDIS) equipped with a CONSORT32 computer using isotypematched controls to obtain CD34 + /HLA-DR − cells. 12 
Stromal feeders
The murine marrow derived cell line M2-10B4, (a kind gift from C Eaves, Terry Fox Laboratories, Vancouver, Canada) was maintained in RPMI1640 (Gibco-BRL, Grand Island, NY, USA) +10% fetal calf serum (FCS, Hyclone, Logan, UT, USA).
The murine fetal liver cell line, AFT024 (a kind gift from IR Lemischka, Princeton University, Princeton, NJ, USA) was maintained in DMEM (Gibco) supplemented with 20% FCS, 50 M 2-mercaptoethanol (BioRad, Hercules, CA, USA) and maintained at 33°C. M2-10B4 or AFT024 cells were subcultured in 24-or 96-well plates (Costar, Cambridge, MA, USA), grown to confluency and then irradiated at 6 Gy (M2-10B4) or at 2 Gy (AFT024). For AFT024, tissue culture dishes were precoated with 0.1% gelatin (Specialty Media, Lavalette, NJ, USA) before seeding the cells. After irradiation, all medium was replaced by LTBMC medium.
Culture media
Long-term culture medium (LTBMC medium): IMDM (Gibco) with 12.5% FCS, 12.5% horse serum (Terry Fox Laboratories, Vancouver, Canada), 2 mmol/l L-glutamine (Gibco), penicillin (1000 U/ml), streptomycin 100 U/ml (Gibco) and 10 −6 mmol/l hydrocortisone.
AFT024-and M2-10B4-conditioned medium:
AFT024 (M2-10B4) feeders were grown to confluency and irradiated as described. 12 After irradiation, all medium was replaced by LTBMC medium and incubated for 48 h. Conditioned medium was harvested and stored at −80°C until use.
Cytokine-conditioned AFT024 medium:
AFT024 stroma was grown to confluency and irradiated as described. 12 After irradiation, all medium was replaced by RPMI 1640 (Gibco) medium with 20% FCS, 25 M 2-ME, 1000 U/ml penicillin, 100 U/ml streptomycin (Gibco) and a combination of 10 pg/ml GM-CSF (Immunex, Seattle, WA, USA), 250 pg G-CSF (Amgen, Thousand Oaks, CA, USA), 200 pg SCF (R&D Systems, Minneapolis, MN, USA), 50 pg LIF (R&D), 200 pg MIP-1␣ (R&D), and 1 ng/ml IL-6 (a kind gift from Dr G Wong, Genetics Institute, Boston, MA, USA) and incubated for 48 h. Conditioned medium was harvested and stored at −80°C until use.
Long-term cultures
Non-contact cultures:
Freshly sorted CD34 + /HLA-DR − cells were plated in collagen-coated transwell inserts (0.4-m pore size) (Costar) placed above either M2-10B4 or AFT024 feeders. Cultures were maintained for 5 weeks with LTBMC medium in a humidified atmosphere at 37°C and 5% CO 2 .
Cultures were fed at weekly intervals by removing half of the medium and replacing it with fresh LTBMC medium. In some experiments M2-10B4 cultures were fed weekly with AFT024-conditioned medium. In some experiments the combination of six human cytokines at concentrations described above was added weekly to AFT024 non-contact cultures. In other experiments, a combination of five human cytokines was added omitting one of the six cytokines per experimental point.
Conditioned medium cultures: CD34
+ /HLA-DR − cells were plated in bovine serum albumin (Sigma) coated 24-well plates. Cultures were fed every 48 h with AFT024-conditioned medium with AFT024 conditioned medium to which the six cytokine combination was added or with cytokineconditioned AFT024 medium as described above.
Assessment of the absolute number of LTC-IC by limiting dilution assay (LDA)
On day 0, freshly sorted CD34 + /HLA-DR − cells were plated in four dilutions (22 replicates per concentration: 150, 50, 15, 5 cells/well) on irradiated confluent M2-10B4 feeders in 96-well plates and maintained for 5 weeks in LTBMC medium. Likewise, progeny of CD34 + /HLA-DR − cells cultured for 5 weeks were replated in different dilutions on M2-10B4 as done on day 0. Cultures were maintained for 5 weeks. LTBMC medium was removed and replaced with methylcellulose (1.12% final concentration, Fisher Scientific, Fair Lawn, NY, USA) containing medium supplemented with 3 IU/ml erythropoietin (Amgen, Thousand Oaks, CA, USA) and supernatant of the bladder carcinoma cell line 5637 (7.5%). Wells were scored for the presence or absence of secondary CFC between day 12 and day 16. The absolute number of LTC-IC present in the different cell populations was calculated as described. 6 Maintainance of LTC-IC was determined by comparing the absolute frequency of LTC-IC on day 0 and week 5.
Structural analysis of heparan sulfate glycosaminoglycans (HS-GAGs) Purification of proteoglycans:
Proteoglycans synthesized by irradiated M2-10B4 and AFT024 cells were labeled with 20 Ci/ml 3 H-glucosamine (to label the GAG backbone; DuPont NEN, Boston, MA, USA) and 50 Ci/ml Na 2 35 SO 4 (to label the sulfate groups; ICN Biomedicals, Irvine, CA, USA) in LTBMC medium for 18-24 h. Proteoglycans in conditioned medium of the two cell lines were purified by anion exchange HPLC as previously described.
16,17
Preparation of HS-GAGs:
Purified proteoglycans were digested with chondroitinase ABC (cABC; Seikagaku America, Rockville, MD, USA) (which digests chondroitin and dermatan sulfate) and chromatographed on a Sephadex G-50 column. The material eluting at V 0 was treated with sodium hydroxide in the presence of sodium borohydride (NaBH 4 ), and free heparan sulfate chains released from the core protein were obtained by rechromatography on a Sephadex G-50 column. 17 
Estimation of size of HS-GAGs:
The size of HS-GAGs was estimated by gel filtration chromatography on a Sepharose CL-6B column equilibrated in 4 M guanidine hydrochloride and 0.05 M sodium acetate, pH 5.8, as described earlier. 17 The approximate size of HS-GAGs was estimated by the method of Wasteson. 
Distribution of N-sulfation and O-sulfation in HSGAGs:
HS-GAGs from both cell lines was subjected to low pH nitrous acid (pH 1.5) deaminative cleavage of N-sulfated regions as described. 19 The digested oligosaccharides were resolved by gel filtration chromatography on a Sephadex G-25 column equilibrated in 0.2 M ammonium acetate, pH 7.0. The resulting oligosaccharides were analyzed as described in detail earlier. 17, 20 ELISA for murine cytokines in AFT024 and M2-10B4 supernatants AFT024-conditioned medium, M2-10B4-conditioned medium, medium from AFT024 non-contact cultures supplemented with the combination of six human cytokines, and medium from AFT024 non-contact cultures supplemented with a combination of five human cytokines (omitting one cytokine per experimental point) were harvested and frozen at −80°C. The concentration of the murine cytokines IL-1␤ (sensitivity: 3 pg/ml), IL-3 (sensitivity: 2.5 pg/ml), IL-6 (sensitivity: 3.1 pg/ml), IL-10 (sensitivity: 4 pg/ml), IL-12p40 (sensitivity: 4 pg/ml), IL-12p70 (sensitivity: 2.5 pg/ml), GM-CSF (sensitivity: 1 pg/ml), MIP-1␣ (sensitivity: 1.5 pg/ml), MIP-1␤ (sensitivity: 1.5 pg/ml), MIP-2 (sensitivity: 1.5 pg/ml), TNF␣ (sensitivity: 5.1 pg/ml), TPO (sensitivity: 3 pg/ml) and SCF (sensitivity: 4 pg/ml) was determined using a quantitative enzyme immunoassay following the manufacturer's instructions (R&D Systems). Fifty l of each medium was tested in duplicates, such that the resultant OD reading fell within the detection limits of each assay. The sensitivity of each assay is derived by adding two standard deviations to the mean optical reading value of replicate readings of the zero standard.
Statistics
Results of experimental points from different experiments were reported as the mean ± standart error of the mean (s.e.m.). Significance levels were determined by either paired or nonpaired Student's t-test analysis as indicated.
Results
Human LTC-IC can be maintained when cultured in transwells above M2-10B4 feeders, but not NIH3T3 or FHS-173-We feeders. 3 More than 50% of human marrow or cord blood LTC-IC can be maintained when cultured in contact with AFT024 feeders. 11, 14 As non-contact culture conditions or culture in conditioned medium may be more easily adapted to the clinical setting, we here tested if human marrow derived LTC-IC can be maintained in AFT024 non-contact conditions. CD34 + /HLA-DR − cells were cultured in transwells above AFT024 and M2-10B4 feeders for 5 weeks and the absolute frequency of LTC-IC maintained after 5 weeks culture was assessed by LDA on M2-10B4 feeders. In M2-10B4 non-contact cultures, 36.6 ± 4.3% LTC-IC were maintained for 5 weeks. However, only 15.0 ± 2.6% of LTC-IC were maintained in AFT024 non-contact cultures ( Figure 1 ) (P = 0.02, n = 6). This led to the following hypotheses: (1) Decreased support of primitive progenitors in AFT024 non-contact cultures is due to inhibitory factors released by AFT024 cells; or (2) factors crucial for maintenance of primitive human progenitors, such as proteoglycans or cytokines, are not secreted by AFT024 cells.
To investigate if inhibitory factor(s) secreted by AFT024 cells are responsible for the poor maintenance of LTC-IC in AFT024 non-contact cultures, we added AFT024 conditioned medium to M2-10B4 non-contact cultures for the 5 week culture duration. LTC-IC-maintenance in M2-10B4 non-contact cultures supplemented with AFT024 conditioned medium was not significantly lower than that seen in M2-10B4 non-contact cultures maintained in LTBMC-medium (50.7 ± 9.4%, n = 2 vs 36.6 ± 4.33%, n = 6 NS). Thus, poor LTC-IC-maintenance seen in AFT024 non-contact cultures is not caused by secretion of inhibitory factors (Figure 1) .
We have previously shown that 6-O-sulfated HS-GAGs secreted by M2-10B4 are important for LTC-IC maintenance in M2-10B4 non-contact cultures. 16, 17 Poor LTC-IC maintenance in FHS-173-We non-contact cultures can at least in part be explained by absence of such HS-GAGs. 3, 16, 17 We therefore characterized the type of GAGs produced by AFT024 feeders and compared them with M2-10B4-HS-GAGs (Table 1) . The average size of HS-GAGs in the conditioned medium of AFT024 cells was 34 kDa, not different from HS-GAGs secreted in M2-10B4 conditioned medium (45 kDa). Analysis of the sulfation pattern of HS-GAGs in AFT024 and Ms-10B4 conditioned media showed that a comparable proportion of 3 H was present in the oligosaccharides (3-8 monosaccharides) obtained by nitrous acid degradation of HS-GAGs from the conditioned medium of both cell lines. This indicates that a large but comparable proportion of the polysaccharide backbone of HS-GAGs from both cell lines is comprised of such regions. The proportion of 35 S present in these oligosaccharides was also comparable for AFT024 and M2-10B4 HSGAGs indicating that the HS-GAGs from both cell lines have an equivalent extent of O-sulfation, largely as 6-O-sulfate. Thus, the size and extent of O-sulfation of HS-GAGs in AFT024 is similar to the LTC-IC supportive HS-GAGs present in M2-10B4 and differences in HS-GAGs secreted in AFT024 conditioned medium do not account for the lack of LTC-IC supportive capacity of AFT024-conditioned medium.
We next investigated if poor support of LTC-IC in AFT024 non-contact cultures is due to lack of certain cytokines. We Proteoglycans in these samples eluted as two to three separate peaks on anion exchange HPLC purification. HS was purified separately from each peak, digested using nitrous acid and analyzed for O-sulfation pattern by gel filtration chromatography. The pattern of O-sulfation was similar in HS in the various HPLC peaks from each sample. Data are shown as the mean ± s.e.m. of the analysis of the individual peaks.
first analyzed, by ELISA, levels of the murine cytokines IL-1␤, IL-3, IL-6, IL-10, IL-12p40, IL-12p70, GN-CSF, MIP-1␣, MIP-1␤, MIP-2, TNF␣, TPO and SCF in M2-10B4 and AFT024 noncontact cultures. All cytokines, except SCF, either in AFT024 or M2-10B4 conditioned medium were present at levels below the sensitivity threshold for each individual test. The levels for murine SCF were not significantly different in AFT024-conditioned media (150.5 ± 9.5 pg/ml) and M2-10B4-conditioned media (144 ± 13 pg/ml).
We have previously shown that a combination of six human cytokines at concentrations, found in marrow stromal cultures 3 combined with M2-10B4 specific HS-GAGs support 40% of LTC-IC for 5 weeks. 16, 17 We therefore added these six cytokines to AFT024 non-contact cultures. After 5 weeks, 71.9 ± 8.8% (n = 6) of LTC-IC were maintained in cytokine supplemented AFT024 non-contact cultures (Figure 2) , which was significantly better than without cytokines (15.0 ± 2.59%, P Ͻ 0.001). To evaluate if a single cytokine was responsible for the increase in LTC-IC maintenance, we cultured CD34 + /HLA-DR − cells in AFT024 non-contact cultures supplemented with five of the six cytokines (Figure 2) . Although, LTC-IC maintenance was slightly lower following the removal of each of the six cytokines, the decrease was only significant when G-CSF (65.1 ± 11.0%), P = 0.03), MIP-1␣ (59.9 ± 5.8%, P = 0.002) or SCF (62.7 ± 8.0%, P = 0.02) were removed.
To determine if the cytokines act on the progenitors directly we cultured CD34 + /HLA-DR − cells in stroma-free wells and supplemented the cultures with AFT024 conditioned medium to which the combination of the six cytokines was added (Figure 3 ). Conditioned medium from AFT024 without the six human cytokines did not support LTC-IC (Ͻ1% maintenance). When the six cytokines were added to AFT024-conditioned medium, 30.3 ± 7.45% of LTC-IC were maintained. We also cultured CD34 + /HLA-DR − cells in BSA-coated wells in cytokine-conditioned AFT024 medium. After 5 weeks of culture 50.8 ± 4.8% (n = 3) of LTC-IC were maintained. Thus, six human cytokines act in part direct on LTC-IC and in part indirect through the AFT024 feeder. Of interest, LTC-IC maintenance was significantly better in AFT024 non-contact cultures supplemented with the six cytokines (77.2 ± 3.4%) than in cytokine-conditioned AFT024 medium cultures (50.8 ± 4.8%, P = 0.04).
Discussion
We and others have recently shown that human LTC-IC, primitive NK progenitors, and multilineage progenitors can be maintained and expanded when cultured in contact with AFT024 feeders. 12, 13, 21 We now show that LTC-IC are poorly supported when cultured in non-contact conditions. This is consistent with a recent report by Thiemann et al 14 showing that CD34
− cord blood progenitors cultured in transwells above AFT024 feeders are not maintained. We investigated the mechanism underlying this observation which led to a number of conclusions.
First, the addition of AFT024-conditioned medium did not inhibit LTC-IC maintenance in M2-10B4 non-contact cultures. This shows that the poor LTC-IC maintenance in AFT024 noncontact cultures cannot be explained by the secretion of factors that inhibit LTC-IC or induce their differention in AFT024-conditioned medium.
Second, we have previously shown that although LTC-IC are maintained to the same extent when cultured in contact with the cell lines M2-10B4, FHS-173-We, NIH3T3 or primary human marrow stroma, 3 LTC-IC are not well maintained in FHS-173-We and NIH3T3 non-contact cultures. 3 Differences in the ability of FHS-173-We and M2-10B4 or primary marrow stroma-conditioned medium to support LTC-IC can at least in part be attributed to differences in proteoglycans secreted by the different feeders. 6-O-sulfated HS-GAGs which are required for LTC-IC maintenance are secreted by M2-10B4 but not FHS-173-We cells. 16, 17 We therefore characterized the structure and sulfation pattern of HS-GAGs present in AFT024-conditioned medium cultures. AFT024 feeders secrete HS-GAGs with similar structure and sulfation pattern to HS-GAGs secreted by MS-10B4 feeders known to be important for LTC-IC maintenance. This indicates that factor(s) other than HS-GAGs must be responsible for the poor LTC-IC support in AFT024 non-contact cultures.
Third, we have shown that pg concentrations of at least six different cytokines found in bone marrow stromal supernatants are required in combination with 6-O-sulfated HSGAGs for LTC-IC maintenance. 16, 17 We performed ELISAs for murine cytokines in AFT024-and M2-10B4-conditioned medium and could not detect differences in measurable levels of murine cytokines in AFT024 and M2-10B4 conditioned media. Thiemann et al 14 measured levels of Flt3 ligand in AFT024 and primary marrow stromal supernatants. Levels of Flt3 ligand were not significantly different in the two supernatants. Further, Wineman et al 22 and Moore et al 23 showed that mRNA levels of more than 15 known cytokines were not different in AFT024 cells from that seen in non-supportive AFT clones. It is therefore not likely that differences in known cytokines can explain the poor LTC-IC maintenance seen in AFT024 non-contact cultures.
To further address the possibility that a growth factor with activity on human progenitors was lacking in AFT024-conditioned medium we added human GM-CSF, G-CSF, SCF, LIF, MIP-1␣ and IL-6 in concentrations found in marrow stromal cultures. 3, 16, 17 Somewhat surprisingly, we found that more than 70% of LTC-IC could be maintained in AFT024 non-contact cultures supplemented with the combination of these six cytokines. We attempted to identify the cytokine(s) present in the combination which is responsible for the supportive effect. Addition of six human cytokines in concentrations found in primary marrow stroma increases LTC-IC maintenance in AFT024 noncontact cultures significantly. 10 000 CD34 + /HLA-DR − cells were cultured for 5 weeks in transwells above AFT024 feeders with LTBMC-medium without (n = 6), or with a combination of six human cytokines (n = 6), or with a combination of five human cytokines, omitting one of the six cytokines per experimental point as indicated (n = 3-5). Maintenance of LTC-IC was determined by comparing the absolute number of LTC-IC on day 0 with the absolute number of LTC-IC at week 5.
* P Ͻ 0.001, comparison between AFT024 non-contact cultures without and with the six human cytokines (unpaired t-test). P Ͻ 0.05, P Ͻ 0.01, comparison between AFT024 non-contact cultures with six or with five cytokines (paired t-test).
Figure 3
Improved LTC-IC maintenance caused by the addition of six human cytokines is in part related to direct effects on LTC-IC and in part caused by indirect effects through the AFT024 feeder. 10 000 CD34 + /HLA-DR − cells were cultured in AFT024 non-contact cultures with (n = 3) and without (n = 6) the addition of six human cytokines. Alternatively, 10 000 CD34 + /HLA-DR − cells were cultured in stroma-free wells and supplemented with AFT024-conditioned medium (n = 4), AFT024 conditioned medium supplemented with six cytokines (n = 3), or cytokineconditioned AFT024 medium (n = 3). Maintenance of LTC-IC was determined by comparing the absolute number of LTC-IC on day 0 with the absolute number of LTC-IC at week 5 (
Removal of either SCF, G-CSF or MIP-1␣ from the combination decreased LTC-IC maintenance significantly. However, the effect of removing one cytokine was only partial and culture of CD34 + /HLA-DR − cells in AFT024 non-contact cultures with five of the six cytokines continued to be significantly better than without cytokines. Therefore the question of whether a single cytokine is responsible for the improved LTC-IC maintenance remains unanswered.
LTC-IC maintenance in stroma-free cultures supplemented with AFT024 conditioned medium and the six cytokines was significantly better than without the cytokines and was enhanced further in cultures maintained with cytokine-conditioned AFT024 medium. Breems et al 10 have shown that supernatants from the cell lines L88/5, L87/4 and F8MD-1 significantly increase week 6-8 CAFC expansion. We now demonstrate that the LTC-IC supportive effect of AFT024-conditioned medium enhanced significantly following addition of cytokines to the medium prior to conditioning on the feeder. This demonstrates that the improved LTC-IC support caused by cytokines is only in part due to direct effects on the progenitors and in part to indirect effects through the stroma. ELISAs of conditioned medium from AFT024 non-contact cul-tures supplemented with either all six human cytokines or five of the six cytokines did not reveal increased secretion of any of the measured murine cytokines (data not shown). The nature of the factor(s) made by AFT024 responsible for the indirect effect of the human cytokines on LTC-IC maintenance remains therefore unknown.
Finally, LTC-IC maintenance in AFT024 non-contact cultures supplemented with the six human cytokines was significantly better than in cytokine-conditioned AFT024 medium cultures. Likewise, significantly more LTC-IC were maintained in AFT024 non-contact cultures without cytokines compared to AFT024-conditioned medium cultures. This illustrates the complex nature of optimal LTC-IC maintenance. The requirement of progenitor stroma cross talk shown here is consistent with studies recently reported by our group and others demonstrating that soluble factor(s) released by CD34
+ cells influence the expression of certain cytokines which may be important for progenitor growth. [24] [25] [26] We were unable to demonstrate differences in cytokine levels in supernatants of AFT024 feeders cultured with or without human CD34 + cells. Therefore, the nature of the factor(s) induced by the progenitor-stroma coculture also still needs to be characterized.
In conclusion we show that addition of cytokines or cells, or even more cytokines and cells to AFT024 cultures enhances the ability of AFT024-conditioned medium to support LTC-IC. This will now be exploited to identify novel growth factors responsible for LTC-IC maintenance or expansion.
